In-house validation of a liquid chromatographic method for determination of sulfamethazine in swine and cattle feed was performed to verify that the method was ready for collaborative study under AOAC INTERNATIONAL guidelines. In this method, sulfamerazine is added during the extraction procedure and is used as an internal standard to correct for variable recovery of sulfamethazine from a variety of swine and cattle feed matrixes. The determinative step involves the use of post-column derivatization with dimethylaminobenzaldehyde which reacts with the primary amine group on the sulfonamides. Detection is at 450 nm, a wavelength at which most co-extracted matrix materials and other feed additives do not absorb light. The results indicate that the method recovery, precision, and ruggedness meet normal criteria to be ready for a collaborative study. Fortification experiments over a range of sulfamethazine concentrations from 0.006 to 0.26% showed an overall recovery relative to the internal standard of 100 ± 2%. These studies include both swine and cattle feed matrixes. The mean recovery in the analysis of 3 beef cattle experimental feeds was 98.9%. The method results agreed with the AOAC INTERNATIONAL Official Method for colorimetric analysis of swine feed. Method precision was excellent during in-house validation studies, with coefficients of variation (CVs) ranging from about 0.5 to 3%. The method ruggedness was verified with an overall CV of 3.5%.
T he current AOAC Official Method of colorimetric analysis, 969.57 (1) , for sulfamethazine (SMT) in complete medicated feeds lacks the specificity to differentiate between the various sulfonamides which may be present. The colorimetric method is of limited scope and is not effective for analysis of complete feeds formulated with some of the modern concentrated/stabilized SMT premixes. Also, swine, but not cattle, feed was used in the collaborative study for that method. Corncob meal and cottonseed hull meal found in cattle feeds interfere with the extraction of SMT in the colorimetric method.
A liquid chromatographic (LC) method for SMT, using dimethylaminobenzaldehyde (DMAB) as a post-column derivatizing reagent, has been used for the analysis of regulatory samples in Indiana since about 1981 (2, 3) . Sulfamerazine (SMR) added during the extraction process has been used as an internal standard for the quantitative determination of SMT in swine feeds since late 1982. SMT and SMR structures are compared in Figure 1 . The method differentiates between the sulfonamide drugs used in feeds.
Our objective was to validate in-house the efficacy of using an internal standard for the quantitative determination of SMT in swine feed, and to extend the matrix scope to include cattle feeds, especially those which contain corncob and cottonseed hull meal. A further objective was to validate the method for the range of SMT levels found in current commercial medicated feed materials. The method described here is included in the accompanying collaborative report (4) .
Results and Discussion
The chromatogram shown in Figure 2 is from a commercial swine feed containing 0.011% SMT and represents the chromatography achieved with the method for such feeds. The 10 µL injected contained approximately 55 ng SMT.
Sample Preparation
Manufacturers of feed premix containing SMT add drugs to premix in forms such as granules to decrease the probability of contamination of lots of unmedicated feed which follow the manufacturing sequence. This practice results in complete medicated feed containing localized concentrations of drug, and leads to difficulty in obtaining representative test portions of ground feed. Experiments to determine optimum sample preparation and test sample size for analysis of modern commercial feed materials indicate that sample preparation technique is important for both satisfactory precision and recovery of the drug.
Low coefficients of variation (CVs; 1-5%) were obtained when well-mixed, finely ground feed was assayed, whereas CVs ranging from 5 to 16% and higher were observed when more coarse sample preparations were prepared. Analytical precision of finely ground feed samples did not greatly improve if 10 or 20 instead of 5 g sample weights were used, and increasing sample weight from 5 to 20 g with a less finely ground feed did not result in precision comparable to that obtained with the more finely ground sample preparations.
The optimum process to give both satisfactory precision and recovery involves carefully grinding the sample, first to pass a 0.75 mm screen in a Brinkmann analytical mill (Brinkmann Instruments, Inc., West Dury, NY), followed by grinding in the same mill to pass a 0.5 mm screen. These and earlier experiments have suggested that the double-grind sample preparation process is more important to precision in SMT analysis of feeds containing tylosin-sulfamethazine, with active ingredients added as granurols, than for feeds which contain a combination of chlortetracycline and penicillin with SMT added in a less concentrated form.
Grinding to pass a 0.5 mm screen, without first grinding to pass a 0.75 mm screen, generates heat and results in low recovery. The use of a 5 g sample with 100 mL extractant rather than a larger sample size of 10 or 20 g and proportionally larger volumes of extractant is preferred because of efficiency in the use of shaker space and to reduce the volume of extract produced. Some laboratories use larger sample test portions of "single grind" feed material along with proportionally larger volumes of extractant and internal standard to achieve satisfactory analytical precision. The pH of the extract is important to the proper recovery with the method; therefore, the use of larger sample size with 100 mL extractant will lead to low recovery and increased difficulty in extract clarification.
Linearity
The standard curve for the ratio of the peak response of varying SMT concentrations (1-6 µg/mL) relative to a constant internal standard concentration is linear (r ≥ 0.999). Confidence limits of the intercept include zero, thus allowing for quantitation of sample extracts with a single concentration standard. A plot of the residuals supports the linearity of the curve. To use a single point calculation of results, the linearity system suitability criteria must be achieved.
Recovery
SMR was chosen as a prospective internal standard because it is not a feed medicament and because it differs from SMT by only 1 methyl group. When a mixed liquid SMT/SMR standard spike added to a variety of unmedicated swine feeds is extracted and chromatographed, the SMT/SMR peak response ratio obtained is the same as the ratio measured from chromatograms of simple dilutions of the spike to working standard concentration. Because the recovery from the feed matrix of SMT relative to SMR remains constant (even though absolute recovery of SMT may vary), SMR is a good internal standard for SMT. The results from spiking in duplicate 10 different nonmedicated swine feeds at the 0.011% SMT level (most common commercial swine feed level) is reported in Table 1 . A dozen replicates of nonmedicated cattle feed containing high levels of either corncob meal or cottonseed hulls have been similarly tested. Results in Table 1 show variable absolute recovery (internal standard not used) but good recovery when the internal standard is used for quantitative measurement. To determine if spiking with crystalline standard material would show parallel recoveries of the analyte and its internal standard, non-SMT containing commercial feeds were fortified at the upper and lower analyte level for which the method was designed. Results from these studies are reported in Table 2 (upper range of method) and in Table 3 (lower range of method). Recovery in both cases is excellent. Table 4 shows results from a single analysis for each of 3 experimental cattle rations prepared in feed mill lot sizes to contain 0.077% SMT. The mean percent recovery was 98.9. The test method has been used for more than 10 years for analysis of regulatory samples in Indiana, and the percentage of samples within normal tolerances of label claim has been in good agreement with other feed drugs. The average recovery of sulfamethazine relative to the guarantee for 72 samples assayed in 1989 and 1990 was about 96%. The test method has been compared to the AOAC Official colorimetric method on 14 commercial samples ranging from 0.008 to 0.12% SMT 
Accuracy

Precision
The analysis of 6 replicates each of 6 commercial feed samples ranging in SMT concentration from about 100 to 1700 g/t resulted in CVs ranging from 0.53 to 1.9%. In an experiment testing the effectiveness of a rotary riffle to subdivide feed sample portions, 2 commercial feeds with label claims of 0.011 and 0.22% were subjected to the riffling process. Replicates from 5 of the subsamples from each feed were analyzed on 3 separate days. For the 0.011% SMT feed, the mean result was 0.0114% SMT with a CV of 2.4%, and for the 0.22% feed the mean result was 0.213% SMT with a CV of 1.5%. The method is capable of giving very precise results if sample preparation is performed according to the method (4).
Method Ruggedness
The fact that the method has been used successfully for over 10 years in the analysis of commercial feed samples in Indiana, and for varying amounts of time in other laboratories, is probably the best test of its ruggedness. A more formal Youden ruggedness test (6) has also been completed using a medicated commercial feed (Table 6 ). Whereas Youden recommends variation from the norm in only 1 direction, in this study the parameters of the method were varied to be slightly higher and lower than the recommended values. Table 6 summarizes both the condition and its variation in the Youden ruggedness test and the differences caused by these variations. The results of the ruggedness test indicate that the most criti- cal value is the concentration of HCl in the extractant (normally 0.2%, v/v). We observed that too much acid in standards or extracts causes a deterioration of peak shape; the tops of the peaks become rounded. This occurs when the pH is 1.5 or lower. Too little HCl in the extractant may result in the pH of the sample extract being 4 or higher; in this case poor quantitation may result. Above pH 4, the recovery of the internal standard is not proportional with SMT (3). The optimum pH for extracts is 2-2.5. Youden states that the overall CV for test sample results in this process indicates how the method will perform in a between-laboratory test. The overall CV of 3.5% obtained in this experiment is well within the range of CVs expected for medicated feeds in collaborative studies and indicates that the method is rugged and ready for collaborative study.
Selectivity
The 4 sulfonamides allowed in feeds in the United States (sulfamethazine, sulfathiazole, sulfaquinoxaline, and sulfadimethoxine) are well separated on many reversed-phase columns. Because the resolution of sulfathiazole from the internal standard used in the method is not complete on all columns, the resolution of sulfathiazole from SMR is a requirement of the system suitability test. Most other medicaments either do not absorb light at the wavelength used by the method (450 nm), and/or do not have the primary amine which reacts with the reagent, or do not co-chromatograph with the analyte or internal standard. We have tested many of these over the years and are aware of no feed medicaments that will interfere with SMT or the internal standard in the test method. There are many potential feed matrix interferences to both the internal standard and analyte peak if UV detection is used in the determination of SMT.
Many commercial reversed-phase LC columns do not give optimum peak shape and resolution of the system suitability test solution used in the method. Columns producing the best chromatography in the collaborative study (4) were Spherisorb ODS2, Nucleosil 120A, and Inertsil ODS2. Any column selected should meet the requirements of the system suitability test presented in the method (4) . No feed extract interferences to the internal standard or to SMT were observed in our laboratory in the several years that the Spherisorb ODS2 column was used. This has not been the case with some other columns tested. One collaborator had minor interference to the internal standard peak area in some samples with the column selected for the study, but was able to use peak height ratios (instead of peak area) and avoid the interference.
Conclusions
The essential data from this report were presented to AOAC INTERNATIONAL in support of the protocol to conduct a collaborative study of the method. Following the approval of the Methods Committee on Feeds, Fertilizer, and Related Agricultural Materials, the collaborative study was conducted. The collaborative study is presented as a companion document to this report (4) .
